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This study aimed to evaluate the behavior of Listeria innocua in a dairy dessert in the presence/
absence of a probiotic microorganism and to assess the in vitro functionality of the probiotic dairy
dessert. Three formulations of dairy dessert were prepared: F1 e inoculated with Lactobacillus
acidophilus La-5, F2 e inoculated with L. innocua and F3 e inoculated with both L. innocua and
L. acidophilus La-5. The dairy desserts were stored at 5 C/28 days, following measurement of the pH
and enumeration of L. innocua and L. acidophilus La-5 on days 0, 7, 14, 21 and 28. The results showed
that the pH of the formulation inoculated with L. acidophilus La-5 (F1) has decreased to 5.6 at the end
of the shelf life, while in F2 (inoculated with L. innocua only) and F3 (inoculated with L. innocua and
L. acidophilus La-5) the pH increased. The counts of L. acidophilus La-5 decreased in F1 throughout the
shelf life, while in F2 and in F3, the populations of L. innocua increased, reaching up to 108e9 CFU/g at
the end of shelf life. The functionality tests indicated that the percentage of survivors decreased
(p < 0.05) from 89.3% to 58.8% in F1 during storage shelf life, while an increase in the percentage of
survival of L. acidophilus La-5 (94.0e99.1%, p < 0.05) was observed in F3. The results of the present
study highlight the needs to strictly ensure the microbiological safety of raw materials, control the
pasteurization temperature and to guarantee that surfaces and environments are adequately cleaned
and sanitized to avoid contamination by Listeria spp., and particularly, by Listeria monocytogenes.
Further studies should be carried out to understand the interaction between L. innocua and
L. acidophilus La-5.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
The great concerns over foodborne listeriosis are explained by
the high fatality rates caused by this disease (Vázquez-Boland et al.,
2001). Besides, Listeria monocytogenes has been shown to survive
through the stress faced during processing and commercialization
of foods (Warriner & Namvar, 2009). Because of this, studies have
focused on the elucidation of the microbial ecology of foods in
relation to this bacterium (McMeekin, Hill, Wagner, Dahl, & Ross,
2010). Among numerous factors, microbial antagonism seems to
play an important role on the fate of L. monocytogenes in foods
(Aguilar, Vanegas, & Klotz, 2011; Carvalho, De Paula, Mantovani, &.
t’Ana).
All rights reserved.De Moraes, 2006; Leverentz et al., 2006; Schöbitz, Bórquez, Costa,
Ciampi, & Brito, 2006).
Several studies have shown that not only the background
microbiota of foods, but also adjunct cultures and probiotic mi-
croorganisms may impact on the behavior of L. monocytogenes in
foods (Benkerroum et al., 2005; Buyong, Kok, & Luchansky, 1998;
el-Gazzar, Bohner, & Marth, 1992; Leroy & De Vuyst, 2004;
Leverentz et al., 2006). This impact is normally due to antibacterial
compounds produced by probiotic microorganisms such as organic
acids, peptides and bacteriocins (Martinez, Balciunas, Converti,
Cotter, & Oliveira, 2013; Reis, Paula, Casarotti, & Penna, 2012;
Slama, Kouidhi, Zmantar, Chaieb, & Bakhrouf, 2013). Great attention
has been placed on probiotic microorganisms because of the health
beneﬁts associated to their consumption (Marco, Pavan, &
Kleerebezem, 2006; Shah, 2007; Vasiljevic & Shah, 2008). As a
result, a number of studies on potentially probiotic foods have been
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of their physicochemical and sensory properties (Cruz et al., 2012;
Florence et al., 2012; Khan et al., 2011; Madureira, Amorim, Gomes,
Pintado, & Malcata, 2011; Madureira, Pintado, Gomes, & MAlcata,
2011; Nualkaekul, Deepika, & Charalampopoulos, 2012; Pereira,
Maciel, & Rodrigues, 2011). Although these are major parameters
for acceptance of these products, the inﬂuence of probiotic micro-
organisms on the behavior of foodborne pathogens in foods has
barely been investigated (Alegre, Viñas, Usall, Anguera, & Abadias,
2011; Darehabi & Nikmaram, 2011; Madureira, Amorim, et al.,
2011; Madureira, Pintado, et al., 2011).
As L. monocytogenes can grow between 0.5 and 45 C (Lado &
Yousef, 2007), its presence in foods that support growth and that
have long shelf life (>10 days) at chilling temperatures constitutes a
major concern for public health (Warriner & Namvar, 2009). Among
these foods, dairy products represent a great challenge as studies
have reported the prevalence of L. monocytogenes in raw milk,
processing environment and ﬁnal products (Barancelli et al., 2011;
Fox et al., 2009; Schoder et al., 2011). Despite this, the potential
growth of L. monocytogenes in dairy desserts is not completely
known. Thus, taking into account that L. monocytogenes has been
particularly associated with listeriosis outbreaks linked to dairy
foods (Warriner & Namvar, 2009), the knowledge of the behavior of
this microorganism in probiotic dairy products is of major rele-
vance for the safety of these foods.
Because of its pathogenic potential, studies in pilot plants en-
vironments have used Listeria innocua as a non-pathogenic surro-
gate in place of L. monocytogenes (Milillo et al., 2012). Thus, the
current study aimed to evaluate the behavior of L. innocua in a dairy
dessert, in the presence/absence of a probiotic microorganism.
Additionally, the in vitro functionality of the probiotic dairy dessert
has been assessed.
2. Material and methods
2.1. Microorganisms and preparation of cell suspensions
L. innocua LH 475 belonging to the culture collection of labora-
tory of food microbiology (University of Campinas, Brazil) was used
in this study. L. innocua LH 475 was reactivated in 5 mL of tryptic
soy broth containing 0.6% of yeast extract (TSB-YE), incubated at
35 C/24 h. Then, L. innocua LH 475 was streaked onto tryptic soy
agar containing 0.6% of yeast extract (TSA-YE), following incubation
at 35 C/24 h. Cell suspensions were prepared by mixing L. innocua
LH 475 colonies in a 0.85% (w/v) saline solution. The optical density
of cell suspensions was adjusted to 0.5 McFarland scale, which
corresponded to approximately 108 CFU/mL of L. innocua.
Lactobacillus acidophilus La-5 (Danisco, São Paulo, Brazil) was the
probiotic culture used. The probiotic culture (0.080 g) was grown in
20 mL of milk during 2 h at 37 C, and a ﬁnal concentration ranging
between 109 and 1010 CFU/g was obtained. Further, the probiotic
culture was used to yield 108 CFU/g in the ﬁnal product.
2.2. Preparation, inoculation and storage of dairy desserts
The fate of L. innocua in dairy dessert was assessed in three dairy
dessert formulations: F1 e inoculated with L. acidophilus La-5, F2 e
inoculated with L. innocua and F3 e inoculated with both L. innocua
and L. acidophilus La-5. A total of 2 kg of dairy dessert was prepared
and the formulation was deﬁned based on previous experiments.
The ingredients were individually weighted based on a total of 5 L
of milk (Xando, Sao Paulo, Brazil): coconut milk (8% w/v; Sococo,
Maceió, Brazil), grated coconut (3% w/v; Sococo, Maceió, Brazil),
sucrose (10% w/v; União, Rio de Janeiro, Brazil), carrageen gum
(0.1% w/v; Kerry, Sao Paulo, Brazil) and corn starch (3% w/v; Nestlé,Araras, Brazil). Then, 3/4 of the volume of milk was heated at 54e
55 C and carrageen gum was added, following homogenization.
This mixture was heated at 65e66 C, and then the sucrose was
added, following a ﬁnal heating step until a temperature of 91e
92 C was reached. The remaining milk (¼) was mixed with corn
starch and added to dairy dessert mix. Then, grated coconut was
added and heating was interrupted. When the temperature
reached 77 C, the coconut milk was added to dairy dessert mix
following heating up to 80 C. The dairy dessert mix was cooled
down to 37 C and the probiotic culture was added. Further, 1 mL of
suspension of L. innocua LH 475was inoculated in samples F2 and F3
to yield a ﬁnal concentration of about 104e105 CFU/g of product.
This inoculum level was based on the guidelines for challenge tests
(Anonymous, 2003). The mix was then homogenized, and portions
of 50 g were manually packaged in polypropylene jars and screwed
with plastic caps. The desserts were stored at 5 C for 28 days, with
these conditions being based on the shelf life and storage condi-
tions of dairy desserts marketed in Brazil. Two independent ex-
periments were performed in different days resulting in two
replicates.
2.3. Determination of pH and microbiological analyses
The measurement of pH of the dairy desserts and the enumer-
ation of L. acidophilus and L. innocua La-5 were carried out after
fabrication and on days 7, 14, 21 and 28 days of shelf life chilled
storage. The analyses were performed in triplicate and duplicate,
respectively.
2.3.1. Determination of pH
The pH values were determined by inserting the glass electrode
(Micronal, B-375) into the dairy dessert samples (Marshall, 1993).
2.3.2. Enumeration of L. acidophilus La-5
A total of 25 g of dessert was stomached with 225 mL of sterile
0.1% peptone water. Decimal dilutions were prepared and pour-
plated in a 0.15% bile salts MRS agar solution. Petri dishes were
incubated at 37 C for 72 h under aerobic conditions (Sohrabvandi,
Mortazavian, Dolatkhah-nejad, & Monfared, 2012). This analysis
was performed in samples F1 and F3. The results were expressed as
CFU/g. All culture media were from Oxoid (Basingstoke, UK), unless
otherwise stated.
2.3.3. Enumeration of L. innocua
The viability of L. innocua in the probiotic dairy desserts was
evaluated in samples F2 and F3. Twenty ﬁve gram portions of dairy
dessert were homogenized with 225 mL of sterile 0.1% peptone
water. Then, aliquots of 0.1 mL were plated onto Oxford agar pre-
pared with selective supplements (SR140), following incubation at
35 C/48 h. Brown colored colonies surrounded by black halos were
enumerated and up to ﬁve presumptive colonies were conﬁrmed
by biochemical tests (Anonymous, 1996). The ﬁnal results were
expressed as CFU/g. All culture media were from Oxoid (Basing-
stoke, UK), unless otherwise stated.
2.4. Assessing the survival of probiotic microorganism under
simulated gastrointestinal conditions
The survival of L. acidophilus La-5 after being subjected to
simulated gastrointestinal conditions (pHs of stomach and intes-
tine and exposure to bile salts) was studied in the formulations
containing probiotic (F1 and F3). At speciﬁc periods of storage, 1 mL
of dairy dessert was added to tubes containing 9 mL of gastric so-
lution (pH 2.0 and 0.2% of NaCl), following incubation at 37 C/
30 min. Then, 1 mL of this mixture was transferred to tubes
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Fig. 1. Changes in pH of dairy desserts during shelf life.
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Fig. 2. Behavior of L. innocua (Lis) and L. acidophilus (Lac) inoculated in dairy desserts
throughout the storage at 5 C/28 days.
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following incubation at 37 C/60 min. This approach reproduces
similar conditions found in the gastrointestinal tract of a healthy
person not fasting for long time (Mortazavian et al., 2008). The
experiment was replicated three times.
The survival of L. acidophilus La-5 was calculated as described in
Equation (1) (Wang et al., 2009):
% of Survival ¼ log N1
log N0
 100 (1)
where: log N1 ¼ total viable count of L. acidophilus La-5 after pas-
sage by gastrointestinal juices and N0 ¼ initial viable count of
L. acidophilus La-5 before the treatment.
2.5. Statistical analysis
The variation of pH and microbial counts in dairy desserts
during storage were assessed for signiﬁcant statistical differences
using analysis of variance (ANOVA), followed by Tukey test. The
percentage of survival of L. acidophilus La-5 after exposure to
gastrointestinal conditions were assessed for signiﬁcant statistical
differences using analysis of variance (ANOVA), followed by t test.
The statistical analyses were performed using the XLSTAT for
Window 2011 (version 9.1, SAS Institute Inc., Cary, NC).
3. Results and discussion
As it is known, the main members of lactic acid bacteria used as
probiotic cultures, Lactobacillus and Biﬁdobacterium, may release
metabolites that are likely to be used for the growth of other bac-
teria (LeBlanc et al., 2011; Turpin, Humblot, Thomas, & Guyot,
2010). On the other hand, some probiotic cultures may exert pro-
tective effects, such as direct antagonism or competitive exclusion,
in the host (Castillo, de Moreno de LeBlanc, Galdeano, & Perdigón,
2012; Chambers & Gong, 2011; Santhi, Sunkoji, Siddiram, &
Sanghai, 2012; Walker, 2008). As the dairy dessert containing
L. acidophilus La-5 may be contaminated with Listeria spp., the
knowledge of the interaction between the bacterial strains is
worthy of investigation because it may potentially impact on food
safety. Indeed, the behavior of foodborne pathogens in probiotic
foods has been focused in few recent studies (Alegre et al., 2011;
Darehabi & Nikmaram, 2011; Madureira, Amorim, et al., 2011;
Madureira, Pintado, et al., 2011). In these studies, the mechanism of
inhibition of foodborne pathogens by probiotics seemed to be
mainly bacteriostatic, probably due to production of organic acids,
peptides and/or bacteriocins (Martinez et al., 2013; Reis et al., 2012;
Slama et al., 2013). However, as the food matrix has a great impact
on the delivery of probiotics to human body (Ranadheera, Baines, &
Adams, 2010) and as different probiotic strains may produce
diverse inhibitory substances (Pyar, Peh, & Liong, 2011), it was
decided to investigate the potential food safety and functional
impacts of the presence of a bacterial contaminant on a probiotic
dairy dessert. Thus, the current study focused on the assessment of
the behavior of L. innocua as a surrogate for L. monocytogenes
inoculated in dairy desserts with/without the addition of probiotics
(L. acidophilus La-5).
As can be seen in Fig. 1, the pH of F1 (inoculated with
L. acidophilus La-5) has dropped from 6.6 to 5.6 at the end of shelf
life, while in F2 (containing L. innocua) an increase of pH from 6.6 to
7.1 has been observed (Fig. 1). On the other hand, F3 (containing
both L. innocua and L. acidophilus La-5) presented a ﬁnal pH of 6.8 at
the end of shelf life (Fig. 1). Statistical analyses indicated the sig-
niﬁcant (p < 0.05) inﬂuence of both storage time and formulation
on pH values of the dairy desserts. Thus, these results suggest astronger proteolytic metabolism of L. innocua in comparison to the
probiotic strain. The data indicate that the metabolites from
L. innocua were enough to buffer the acids produced by
L. acidophilus (Alves, Gemal, Cortez, Franco, & Mano, 2011; Arihara
et al., 1998), culminating with an increase of pH in these formula-
tions. Although probiotic strains of Lactobacillus have been reported
to present limited proteolysis capacity (Shihata & Shah, 2000), it is
known that this capacity may be very dependent on the strain
utilized. Although a decrease in the populations of L. acidophilus La-
5was observed after 28 days of storage, it should be highlighted it is
enough for dessert to be considered a probiotic food able to confer
health beneﬁts on the host. The consumption of daily portion of
120 g of the probiotic dessert would mean the consumption of
108 CFU/g of probiotic, which is within the range of population
recommended for a product to be considered probiotic (107e
108 CFU/g) (Brasil, 2003; Granato, Branco, Cruz, Faria, & Shah, 2012).
As can be seen in Fig. 2, a decrease in the populations of
L. acidophilus La-5 in F1 throughout the shelf life has been observed.
The reduction in populations of this bacteriumwas in-line with the
reduction of pH in F1 (Fig. 1). On the other hand, when the
formulation contained only L. innocua (F2) and when the probiotic
culture was also present (F3), an increase in the populations of
Table 1
Survival of Lactobacillus acidophilus La-5 (%) the exposure to gastrointestinal
conditions.
Days F1 F3
0 89.3a,B 94.6a,A
7 81.9a,B 94.0a,A
14 92.2a,B 97.5a,A
21 61.8b,B 99.1a,A
28 58.8c,B 99.1a,A
Different superscript lowercase letters in the same column indicate signiﬁcant
differences (p < 0.05) among the days for the same formulation according to
Tukey test. Superscript uppercase letters in the same row indicate signiﬁcant
differences (p < 0.05) within the days for different formulations according to t
test.
F1 ¼ formulation 1 and F3 ¼ formulation 3.
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(p < 0.05) from the storage time and formulation (F2 and F3). In
these formulations, the maximum populations of L. innocua
reached approximately 9.1 log CFU/g (Fig. 2).
The fact that the populations of L. acidophilus La-5 increased
when L. innocua was inoculated in the matrix (F3) indicates the
existence of mutual beneﬁts for these bacteria. The better growth of
L. acidophilus La-5 in presence of L. innocua may be due to use of
metabolites (such as peptides and amino acids) from the later by
the former. This fact and the unaltered pH of the dairy desserts
results suggest a very dangerous interaction for food safety, because
it would be hard to identify any sensory changes associated with
spoilage (Fig. 1). Then, these results highlight the needs to strictly
ensure the microbiological safety of raw materials, to control the
temperature of pasteurization and to guarantee that surfaces and
environments are adequately cleaned and sanitized. These mea-
sures are of foremost importance to avoid contamination of dairy
desserts by Listeria spp., and particularly, by L. monocytogenes,
because it has been shown herein that a surrogate can easily grow
in these products during chilled storage (Fig. 2).
The ability of bacteria to survive through the conditions of the
gastrointestinal tract has been considered a relevant factor for their
selection as potentially probiotic cultures (Mills, Stanton,
Fitzgerald, & Ross, 2011). Indeed, the counts of probiotic microor-
ganisms should be kept above 106 CFU/g, in order to compensate
for the reductions in their populations that take place during the
passage of foods through the gastrointestinal tract and to confer a
health beneﬁt on the host (Granato et al., 2012). As can be observed
in Table 1, L. acidophilus La-5 survived through the conditions that
simulated the gastrointestinal conditions. In F1 (containing
L. acidophilus La-5 only) the percentage of survivors decreased
signiﬁcantly, at 95% of conﬁdence, from 89.3% to 58.8% at the end of
shelf life (Table 1). Decreases in the populations of probiotic mi-
croorganisms during storage of probiotic foods may be related to
the food composition (Ranadheera et al., 2010) or to a packaging
system not efﬁcient enough to avoid the passage of oxygen (Cruz,
Faria, & Van Dender, 2007). In F3 (containing L. acidophilus La-5
and L. innocua) there has been observed an increase in the per-
centage of survival of L. acidophilus (94.0e99.1%, p < 0.05). The
survival of L. acidophilus La-5 was always superior in F3 than in F1
(p < 0.05). These results translate in terms of functionality the
interaction between L. acidophilus La-5 and L. innocua. Although
this effect is not welcomed from the food safety standpoint, it de-
serves further investigation as it may provide insights to improve
the functionality of probiotic cultures.
Our ﬁndings suggest that, in spite of the safety concerns over the
growth of L. innocua (a surrogate for L. monocytogenes) in the dairy
dessert, this food matrix is suitable for delivering probiotic micro-
organisms until the end of 15 days of cold storage. This performanceis comparable to other dairy food matrices, such as fermented milks
(Elizaquível et al., 2011; Faye, Tamburello, Vegarud, & Skeie, 2012),
cheese (Pitino et al., 2012), non-dairy foods (Alegre et al., 2011) and
even capsules (Saxelin et al., 2010). The great reductions in the counts
of L. acidophilus La-5 observed in F1 at the end of the storage period
indicate that modiﬁcations in the product’s formulation need to be
performed to increase the survival and functionality of probiotic
cultures in this product. A key-point to be considered herein is that
the investigation of the protective effects of probiotics should not be
regarded as an alternative for using low-quality rawmaterials, for not
adopting good manufacturing practices and for improperly storing
the ﬁnal products.References
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